Our analysis of 19 OECD countries over the period 1972-2006 provides evidence of convergence in per capita health care expenditures for 17 countries, while the US and (to a lesser degree) Norway follow a different path. A simple decomposition of per capita health expenditures reveals that the divergence of the US comes from the divergence of the 'health care expenditure over GDP' component, while Norway's divergence is mainly caused by the 'labour productivity' component. Interestingly, our results suggest that convergence in per capita health expenditures among the 17 OECD countries does not lead to convergence in health outcomes. Finally, we extend our analysis to examine convergence in various determinants of health expenditures.
Introduction
Health care expenditure has been rising rapidly in the developed countries in the recent years.
This rise constitutes a major concern for health policy makers. In this respect, research has focused on the determinants of health care expenditure with income growth being the undebatable determinant (see, inter alia, Hitiris and Posnett, 1992 Despite its potential importance and usefulness, the analysis of cross-country disparities in this context has not received much attention as very few studies focus on the issue of health care convergence for a set of countries. Hitiris (1997) examines whether health expenditures converge for a group of European Community countries and finds no evidence of convergence.
He argues that economic convergence of the EU members will eventually lead to convergence of health expenditure. In a more recent study, Hitiris and Nixon (2001) find that EU economic integration leads to income convergence and to convergence in various sectors and the health sector in particular. However, the authors conclude that there is no clear evidence in favour of the existence of a single health function for all the EU member states. Such a case can become even more complex if the analysis is extended to cover the OECD countries. Employing an empirical growth theoretical framework in order to examine the determinants of growth of per capita health expenditures for 24 OECD countries, Barros (1998) finds that the higher the health care expenditures per capita are, the lower the growth rate is. The author suggests that this is an indication of convergence of health care expenditures. The rapid growth in US health care expenditure and the 'catch-up' hypothesis in the OECD countries is the focus of Narayan's (2007) study. Specifically the author examines whether per capita health expenditures of the UK, Canada, Japan, Switzerland and Spain converge to the USA per 2 capita health expenditures and finds strong evidence in favour of convergence. 1 Taking a different route, Alcande-Unzu et al. (2008) address the issue of cross country disparities in health care expenditure by employing a factor decomposition model. The authors extend the decomposition of Cheng and Li (2006) to include per capita health care expenditure and show that it can be expressed as the product of health care expenditure over GDP, labour productivity, employment rate, activity rate and the ratio of working age population to total population. Their findings suggest that the main determinants of crosscountry dispersion in per capita health care expenditure are health care expenditure over GDP and labour productivity.
This factor decomposition is the starting point of our analysis. Specifically, the first objective of our analysis is to examine convergence in per capita health expenditures for a group of 19 OECD countries over the period and use the aforementioned decomposition to identify the reasons for the observed divergent behavior of some countries. It is obvious that the examination of the economic characteristics that lead to health expenditure convergence/divergence is critical for policymakers since the majority of the OECD countries face budget deficits. Health care spending has put a pressure on public budgets during the past two decades. Moreover, evidence on convergence would point to increased expenditure on health and thus increased deficits, unless some other sectors, such as education and other public services have to be sacrificed. This can potentially be a contentious issue in some countries. Our results suggest convergence in per capita health expenditures among 17 OECD countries, while Norway and especially the US follow a different path with substantially higher per capita health expenditures. It turns out that the divergence of the US comes from the divergence in the 'health care expenditure over GDP' component, while Norway's divergence is mainly caused by the 'labour productivity' component.
Afterwards, we move one step forward and investigate whether convergence in per capita health expenditures implies convergence in health outcomes as well. Interestingly, our results show that convergence in per capita health expenditures does not, in general, lead to convergence in health outcomes. Finally, we extend our analysis to provide some insights into the cross-country disparities in major determinants of health expenditures.
We should note that our analysis is based a new methodology introduced by Phillips and Sul (2007a, PS henceforth). This methodology has two important advantages compared to alternative approaches available in the literature. First, it is based on a nonlinear timevarying factor model that incorporates the possibility of transitional heterogeneity or even transitional divergence. Moreover, the methodology is robust to the stationarity properties of the series under scrutiny. Second, and more importantly, this methodology provides a simple empirical algorithm that can be used to identify groups of countries that converge to different equilibria when the full panel of the countries under scrutiny diverge. Moreover the algorithm also detects individual countries that diverge from the panel. This enables us to identify the reasons for the divergent behavior of some countries.
The rest of the paper is organized as follows. Section 2 describes the methodology we use to examine health convergence among the OECD countries. Sections 3-5 report our empirical findings and Section 6 concludes the paper.
Econometric Methodology
In this section, we outline the econometric methodology we employ to examine the existence of convergence in per capita health care expenditure, health outcomes and various determinants of health expenditures. The methodology was introduced by PS in order to test for conditional sigma convergence in a panel of countries. We also briefly discuss the clustering algorithm, put forward by PS and employed in Sul (2007b, 2009) , that allows us to classify countries into convergence subgroups in cases where the full panel diverges.
The log t Test
Suppose that we have panel data for a variable X it , i = 1, ...N and t = 1, ...T where N and T are the number of countries and the sample size respectively.
4
PS decompose X it into the systematic, g it , and the transitory, a it , components. In other words,
We can discriminate between the common and idiosyncratic components of the panel by using the following transformation of (1):
In this way, the variable of interest, X it , is decomposed in two components, one common, μ t , and one idiosyncratic, δ it , both of which are time-varying. The idiosyncratic component, δ it , is a measure of the distance between X it and the common component, μ t . This formulation allows us to test for convergence by testing whether the factor loadings δ it converge to a constant, δ, by taking ratios instead of differences and thus eliminating the common component.
To do so, PS define the relative transition parameter, h it , as
which measures the loading coefficient δ it in relation to the panel average and as such the transition path for the variable of interest of country i relative to the panel average. Whenever the factor loadings δ it converge to a constant, δ, h it converges to unity and the cross-sectional variation (H t ) of the relative transition path converges to zero as t → ∞, i.e.
Note that the cross-sectional mean of the relative transition paths, h it , is unity by construction. PS implement the following semiparametric model for δ it :
where ξ it ∼ iid(0, 1) across i, σ i are idiosyncratic scale parameters, L(t) is a slowly varying function, such as log(t) for which L(t) → ∞ as t → ∞, and α denotes the speed of convergence, i.e. the rate at which this cross-sectional variation decays to zero. This representation ensures that δ it converges to δ i whenever α ≥ 0. The null hypothesis of convergence is as follows:
H 0 : δ i = δ and α º 0 while the alternative is H A : δ i 6 = δ for some i and/or α ≺ 0
The null hypothesis implies convergence for all countries, while the alternative hypothesis implies no convergence for some countries. The alternative hypothesis can accommodate both overall divergence and club convergence, i.e. the possibility that some of the countries under scrutiny form convergent groups at different factor loadings, say δ 1 and δ 2 . The following subsection describes an empirical algorithm that can be implemented to identify such convergent subgroups. PS show that under convergence, H t has the following limiting form
where A is a strictly positive constant. Now, consider the ratio H 1 /H t that measures the distance of the panel from the common limit. We can easily test H 0 based on the following logt regression
where L(t) = log(t) and r > 0. Specifically, the regression is run after a fraction (r) of the sample is removed. PS recommend setting r equal to 0.3, since extensive Monte Carlo simulations show that this choice of r is satisfactory in terms of both size and power properties of the test.
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The fitted coefficient b b of logt converges to the speed of convergence parameter 2α under the null hypothesis of convergence where b α is the estimate of α in H 0 (see also equation (4) The aforementioned convergence test has numerous advantages over existing ones. First, the methodology does not rely on any particular assumption concerning trend stationarity or stochastic nonstationarity. Second, it is based on a model that incorporates the possibility of transitional heterogeneity or even transitional divergence. This is crucial since it is not proper to test for convergence by means of standard unit root and cointegration tests in the presence of heterogeneity. For example, PS show that two series can converge even if they are not cointegrated (this is the case of asymptotic cointegration). Thus, the methodology of PS can be considered as an asymptotic cointegration test that does not suffer from the small sample problems of standard unit root and cointegration tests. Third, when the full panel of the countries under scrutiny diverges, the methodology provides a simple empirical algorithm (described in the following section) that can be used to identify groups of countries that converge to different equilibria and at the same time allow individual countries to diverge.
Club Convergence Algorithm
Whenever a researcher examines convergence within a panel of countries, it is often the case that the full panel diverges. In such cases, PS proposed an empirical algorithm that can be used to determine subgroups of countries that converge to different steady states. We now briefly describe the four steps of this empirical algorithm.
• Step 1 (Ordering): We order the members of the panel according to the last observation, since evidence of convergence will, in general, be most apparent in the recent years.
Alternatively, the ordering of the series can be done based on a time series average of the final observations.
• Step 2 (Core Group Formation): We try to identify a core group of countries that provide strong evidence of convergence. Specifically, we estimate a sequence of logt regressions using the k highest members (Step 1) for all different values of k (i.e. 2 ≤ k < N). We choose the regression that generates the maximum convergence t-statistic t b,k (where t b,k > −1.65 so that convergence is ensured for the corresponding group).
The corresponding group forms the core convergence group.
• Step 3 (Club Membership): We now evaluate each individual country not included in the core convergence group (Step 2) for membership in this group. More in detail, we add one country at a time and calculate the convergence t-statistic from the logt regression.
The new country (member) satisfies the membership condition if the associated tstatistic is greater than a chosen critical value c * (i.e. t b > c * ). All countries that satisfy the membership condition are added to the core convergence group. Finally, we check that the whole group (i.e. the members of the initial core group and the additional selected members) satisfies the criterion for convergence.
• Step 4 (Recursion and Stopping): We run the logt regression for all the countries not included in the club formed in the previous step. If the corresponding t-statistic indicates convergence, these countries form a second convergence club. Otherwise, Steps 1 to 3 are repeated in order to reveal additional subconvergence clusters. If no core group can be found (Step 2), then these countries display a divergent behavior.
3 Factor decomposition of per capita health care expenditure
In this section we describe the methodology employed to decompose per capita health care expenditures in factors and then apply the econometric methodology described in the previous 8 section to reveal cross-country disparities among the OECD countries.
The decomposition methodology we employ comes from the literature of per capita income convergence and was proposed by Cheng and Li (2006) . The authors show that per capita GDP can be decomposed into the product of labour productivity, employment rate, activity rate and the ratio of working age population to total population. Alcalde-Unzu et al. (2008) extend this decomposition to include per capita health care expenditure and show that it can be expressed as the product of health care expenditure over GDP, labour productivity, employment rate, activity rate and the ratio of working age population to total population.
More in detail, let x it denote the per capita health care expenditure in country i in period t. It can be calculated by dividing health care expenditure (H it ) and the total population in country i (N it ). In the same manner, we let Y it, E it, A it and W it be country's i GDP, total employment, active population and working-age population, respectively. It is easy to see that per capita health care expenditure can be written as the product of the following factors: health care expenditure over GDP (
employment rate (e it = E it /A it ), activity rate (a it = A it /W it ) and the proportion of working age population in total population (w it = W it /N it ). As a result, the variable of interest, x it , can be written as follows:
We are interested in examining convergence in per capita health care expenditures. The data we employ are taken from the OECD Health Database (OECD, 2008 As explained in the previous section, the log t test has power against cases of club convergence and our approach is also robust to cases where individual countries diverge from the panel. We now implement the algorithm described in Section 2. Table 2 and can be summarised as follows:
1. There is full convergence among the 19 countries for three out of five factors, namely the employment rate (e it ), the activity rate (a it ) and the proportion of working age population in total population (w it ) (see Panel A of Table 2 ). This is, for example, illustrated in Figure 3 Table 2 ) following a different path each. This is illustrated in Figure 4 that presents the relative transition paths of s it for all 19 countries. Specifically, the US health care expenditure over GDP is substantially higher than the panel average, while Ireland moves towards lower levels (although it is still close to the other countries). It is therefore clear that the divergence of the US per capita health care expenditures from the other countries under scrutiny comes from its divergence in this factor (i.e. health care expenditure over GDP). Table 2 and plotted in Figure   5 ). Interestingly, Figure 6 , that contains the relative transition paths for the labour productivity, reveals that over the recent years Norway displays an upward tendency moving away from the panel average. We therefore believe that the divergence of Norway from the other countries in per capita health care expenditures is mainly caused by the labour productivity component.
Convergence in Health Outcomes
The analysis so far has shown that OECD countries broadly converge as far as per capita Following the extant literature, we proxy health outcomes with the following variables:
life expectancy (females), life expectancy (males), life expectancy (total population), crude mortality rate, infant mortality and potential years of life lost. 3 For each one of the aforementioned health outcomes we implement the log t test to examine convergence between the countries under scrutiny. When testing for convergence of the full panel of 19 countries, the results, reported in Panel A of Table 3 , suggest that convergence occurs only for infant mortality. For all the other variables the null hypothesis of convergence is rejected. In general, the main conclusion drawn from Panel A of Table 3 is that the existence of convergence between 17 of the 19 countries under examination in per capita health expenditures does not lead to convergence in health outcomes.
Moreover, the implementation of the club convergence algorithm leads to the formulation of various convergence clubs that differ for each one of the variables considered in this study (Panel B of Table 3 ). For example, in the case of life expectancy (total population) the 19 countries form four convergence clubs. The relative transition paths for each club are plotted in Figure 7 . The main findings of the club convergence algorithm are as follows:
1. There is a core group of seven countries that converges for all the variables considered in this section. This group contains Austria, Canada, Germany, N. Zealand, Norway, Spain and the UK. Furthermore, Belgium, Finland and Ireland deviate from this core group of seven countries only in the case of life expectancy of males. Switzerland has a similar behavior since it converges with the core group of seven countries in all cases except for the mortality rate.
2. In most cases, Japan and Sweden behave in a totally different way compared to the 3 The variable definitions are given in Table 1 Portugal is also above the average of the OECD countries but it shows a clear tendency to move towards the other countries. In this section, we attempt to reveal cross-country disparities among the OECD countries with respect to the basic determinants of health expenditure. Our choice of variables is limited by data availability. For example, health stock variables are not included in our analysis as we could not get a sufficient number of cross-section and time-series observations.
Convergence in Health Determinants
With respect to the economic variables, the variables we employ are (i) per capita GDP,
(ii) income equality measured by the share of nominal wages in nominal GDP, (iii) the inflation rate measured by the growth rate of the GDP deflator as wages in the health sector will rise proportionally and (iv) the 'Baumol variable' measured by the difference between wage increases and labour productivity. 4 Health care expenditure also depends on the nature of the health system. We expect public reimbursement systems to raise health spending. A proxy for the nature of the health system of each country is the proportion of public health expenditure in total health expenditure. The results of the log t test, presented in Table 4 , suggest convergence between the OECD countries for all economic determinants except for income equality. In the latter case, the countries form three convergence clubs, while Ireland diverges.
Furthermore, the demographic structure of the population affects health expenditure as certain categories of the population tend to consume more health related products. Among the demographic variables employed in the literature are the following: (i) the dependency ratio measured by the ratio of the population under 14 and over 65 over the population aged 15-64, (ii) the ratio of the population aged under 14 to total population, (iii) the ratio of the population aged over 65 to total population, and (iv) the female labour force participation rate. Table 5 reports the results for the convergence tests for the aforementioned demographic variables. The results suggest full convergence for the dependency ratio and the female labour force participation rate. In both cases, convergence is fast since the estimated value of b is positive (b equals 0.915 and 1.156 for the dependency ratio and the female labour force participation rate respectively) and statistically different from zero. On the other hand, there is divergence between the OECD countries for the other two demographic variables considered in this study. In both cases, the countries form two clubs (reported in Panel B of Table 5 ) that converge to different steady states.
Lastly, countries differ with respect to lifestyle and consumption behaviour and in this respect they are exposed to different types of diseases. This means that the probability for all types of illnesses will differ from country to country, leading countries to target specific types of diseases. Altering the lifestyle and consumption behaviour of people is feasible through spending more on preventive health care. For the purpose of our analysis we employ the following variables: (i) sugar consumption, (ii) fruits & vegetables consumption, (iii) tobacco consumption and (iv) alcohol consumption. The results, reported in Table 6 , indicate convergence in alcohol consumption between the OECD countries under scrutiny (at a slow rate as suggested by the estimate of b that is not statistically different from zero). On the other hand, the OECD countries diverge for the other three variables considered in our analysis.
Specifically, in the case of tobacco consumption the countries form three convergence clubs. Table 6 ).
Conclusions
The issue of health care expenditure has attracted the interest of many researchers over the Portugal USA Iceland, Sweden Notes: * indicates rejection of the null hypothesis of convergence at the 5% level. 
